From 1980 through 1988, biliary surgery was performed in 197 patients with acute gallstone disease and concomitant elevation of serum glutamic oxalacetic transaminase (SGOT) or serum glutamic pyruvic transaminase (SGPT) of over 300 Karmen units. In 137 patients, anatomic inspection and liver biopsy were performed during the acute stage of the disease. Impacted and floating bile duct stones were found in 69 (50%) and in 43 (32%) of the 137 patients, respectively. The main liver histology was necrosis of liver cells. After surgery, high serum transaminase fell rapidly with immediate recovery in 99% of the patients. In the remaining 60 patients, their signs and symptoms settled soon after initial conservative treatment and surgery was performed after an average time of 21 days. At laparotomy, impacted bile duct stones were found in 2 (3%) and liver histology revealed regeneration of liver cells.
INTRODUCTION
The management of patients with gallstones, especially with bile duct stones, has been facilitated by the measurement of serum alkaline phosphatase or bilirubin.
High levels of serum glutamic oxalacetic transaminase (SGOT) and serum glutamic pyruvic transaminase (SGPT), on the other hand, are considered strongly indicative of hepatocellular damage and are usually reliable in the differentiation of hepatocellular from extrahepatic biliary tract diseases. Marked elevation of serum transaminase has been reported in patients with acute gallstone diseases such as 78 acute cholecystitis1'2, choledocholithiasis [3] [4] [5] [6] and gallstone pancreatitis '. Its mechanism, however, is not yet well understood and there have been controversial interpretations of such phenomena. Without adequate knowledge of the mechanism for such phenomena, high enzyme levels alone might lead to the diagnosis of so called hepatitis and delay in surgical intervention for fear of severe hepatic disease. 95 Aronsen 9 measured transaminase activity before and after release of choledocal obstruction in dogs and has reported a close association between acute biliary obstruction and high SGOT activity. Association of bile duct obstruction with high SGOT activity has also been reported clinicallyTM. However, the lack of direct observation of the bile duct obstruction by gallstones in a large number of patients prevented wide acceptance of this association.
At our hospital, almost all patients with acute gallstone disease who do not respond to conservative treatment are immediately operated on, provided the patients present a reasonable surgical risk. This provided us with the opportunity to study retrospectively a substantial number of patients with acute gallstone disease and with concomitant marked elevation of serum transaminase during both the acute stage of the disease and the stage of convalescence. The purpose of the study is to report these observations and discuss the etiology and pathogenesis of marked elevation of serum transaminase in patients with acute gallstone disease.
MATERIAL AND METHODS
Of 2,092 patients operated on for gallstones in Ogaki Municipal Hospital during the last 9 years from 1980 to 1988, 197 patients (9.4%) had severe abdominal pain and concomitant elevation of SGOT or SGPT of over 300 Karmen units and were entered into the study. In all cases, preoperative diagnosis of gallstones was made by ultrasonography or roentogenography using drip infusion cholangiography (DIC), percutaneous transhepatic cholangiography (PTC) or endoscopic retrograde cholangiography (ERC). These patients exhibited no evidence of acute viral hepatitis or other potential causes of transaminase elevation such as heart failure, drug or alcohol abuse.
Patients in the study included: (1) 101 patients who underwent emergency (within 48 hours after admission) and 36 who underwent urgent (over 48 hours) biliary surgery during episodes of severe abdominal pain. They all showed marked elevation of serum transaminase and either showed no objective improvement in response to medical treatment and their general conditions deteriorated or sepsis occurred (137 patients group 1), and (2) 60 patients who received initial conservative management followed by biliary surgery after an average delay of 21 days when their transaminase activities reached near normal levels (group 2). Group 2 patients did not undergo emergency or urgent surgery either because their signs and symptoms settled soon after conservative treatment such as intravenous administration of fluids, antibiotics and analgesics (56 patients), or because impacted bile duct stones were demonstrated by PTC soon after admission, and endoscopic papillotomy (EPT; 1 patient) and percutaneous transhepatic biliary drainage (PTBD; 3 patients) were performed as an emergency procedure.
Fifteen patients (11 group 1 patients and 4 group 2 patients) had concomitant elevation of serum amylase of over 1,000 Caraway units (normal level < 135 C.U.) and the diagnosis of gallstone pancreatitis was made.
There were 71 men and 66 women aged 19 to 87 years old (mean, 54 years) in group 1, while in group 2, 16 were men and 44 were women aged 16 to 83 years old (mean, 52 years). In general, group 1 patients had more severe disease than group 2 patients. Peritonitis and Charcot's triad (abdominal pain, fever and jaundice) were present in 65 (47%) and 24 (18%) of the 137 group 1 patients compared with 11 (18%) and 3 (5%) of the 60 group 2 patients, respectively. The mean level of SGOT (Karmen units, normal < 40 K.U.), SGPT In both groups, the findings of surgery, the histological findings of liver biopsy specimens obtained during biliary surgery and the time course of SGOT levels after admission were studied. As a control group, 232 patients during the same study period who had acute gallstone disease but without serum transaminase elevation and underwent emergency biliary surgery were studied and compared with group 1 patients. In the control group, 100 were men and 132 were women aged 21 to 86 years old (mean, 61 years).
Liver biopsy specimens were obtained from 99 patients (68 group 1 patients and 31 group 2 patients) at the time of operation for gallstones. Biopsy specimens were taken from deep within the liver mainly from middle hepatic lobe. This was performed using Silverman's needle immediately after the abdomen was opened. The specimens were fixed immediately, sectioned in the standard manner and stained with hematoxylin and eosin. They were studied under light microscopy. The histological assessment of the specimens was performed blindly by doctors who did not know the clinical course of the patients. SGOT activities were determined during the first few days after operation in 22 group 1 patients and after relief of pain in 17 group 2 patients. In these patients, the rate of SGOT decrease (apparent half-life of SGOT1) was calculated by plotting SGOT activities on semilogarithmic paper.
Results were expressed as Mean + SD and Z z test was used for statistical analysis. Differences were considered significant at P < 0.05.
RESULTS

Findings at Operation
In 69 of the 137 group 1 patients (50%), impacted bile duct stones were found at laparotomy. In 68 patients, no bile duct obstruction was detected at operation, but 43 (32%) had floating bile duct stones. In one of the 25 patients who had stones in the gallbladder only, the intraoperative cholangioscopy demonstrated ampullary injury. This finding was thought to be a residual sign of previous ampullary obstruction by a stone which might have migrated into the duodenum because a gallstone identical to those in the gallbladder was recovered from her feces after operation. In the remaining 24 patients with gallstones in the gallbladder only, postoperative screening of the feces was not performed. There were significant differences in the presence or absence of the bile duct stones between group 1 and control group (Table 1 , P < 0.01).
In the 69 bile duct obstructions, three different patterns of bile duct obstruction emerged as a result of the investigation of PTC (31 cases), operative findings including operative cholangiography (26 cases) or ERC (12 cases) ( Figure 1 ). All types were due to impaction of one stone in each and presented the typical cholangiographic image of a reversed meniscus in the bile duct. Type A (63 cases) was due to impaction either high above or around the ampulla where the pancreatic duct obstruction was obscure. Type B (5 cases) was due to ampullary impaction obstructing both the bile duct and the opening of the pancreatic duct. It was confirmed during transduodenal papilloplasty because a gallstone was found lodged at the ampulla of Vater and after the stone was removed, pancreatic juice and bile spouted suddenly. Type C (one case) was due to impaction at the terminal bile duct forming a common channel. Type A, and Type B, had multiple bile duct stones above the obstruction (up to 53, mean, 5). As shown in Table 2 , 7 of the 11 group 1 patients (64%) with gallstone pancreatitis had impacted stones at the lower end of the common bile duct (3 Type A, 3 Type B and one Type B 1). The extent of the gross pancreatic appearance of the 11 patients was almost normal in one, edematous in 7, necrotizing with pancreatic fluid accumulation in the abdomen in one and details were obscure in the remaining 2 patients.
In most group 1 patients, distension of both the gallbladder and the bile duct was found at operation. The gross appearance of the gallbladder was acute cholecystitis in 67 (49%). The intensity of the gallbladder inflammation, however, was slight and obstruction of the cystic duct was not found in most cases. Acute cholecystitis was significantly more infrequent among group 1 patients than control patients (Table  ,P Operative findings of group 2 patients, on the other hand, were as follows: (1) impacted bile duct stones were found in 2 (3%) who had choledochoduodenal fistula, floating bile duct stones in 21 (35%) and gallstones in the gallbladder only in 37 (62%), (2) acute cholecystitis was present in only 4 (7%), (3) gross pancreatic appearance showed only slight changes, appearing almost normal or edematous in 4 who had gallstone pancreatitis.
Bacteriological examination of the bile obtained during operation was performed for 107 patients. Bile culture was positive in 61 (72%) of the 85 group 1 patients and in 10 (45%) of the 22 group 2 patients. Escherichia coli was the most frequent organism followed by Klebsiella pneumonia and Streptococcus faecalis.
Histological Findings of the Liver Biopsy Specimens
The main histological changes of the liver biopsy specimens of group 1 were degeneration and necrosis of liver cells and acute cholangitis. Necrosis of liver cells was defined as an accumulation of neutrophils in an area where liver cells had vanished from liver cell plates (hepatocytolysis and cellular infiltration11). Acute cholangitis was defined as neutrophil infiltration around and into the lumen of the bile duct in the portal triad12. These findings were graded as: (-) none or negligible, ( + ) slight, ( + ) moderate and ( + + ) marked. Marked or moderate degree of liver cell necrosis and acute cholangitis were observed in 55 (81%) and in 57 (84%), respectively (Table 3 ). Degeneration and necrosis of liver cells extended intralobularly and were not confined to the periportal area. Cholestasis was commonly seen and marked dilatation of the bile canaliculus bounding the injured liver cells was often detected at high magnification ( Figure 2 ). There was no correlation between the level of serum transaminase and the severity of liver histological findings. In group 2, on the other hand, necrosis of liver cells and acute cholangitis were less common (Table 3) whom SGOT activities were determined during the first few days after operation (22 group 1 patients) or after relief of pain (17 group 2 patients), SGOT activities decreased in a straight line on semilogarithmic paper; the apparent half-life of SGOT was 0.66 + 0.21 days in group 1 and 0.73 + 0.17 day in group 2, respectively.
Operative Procedures and Results of Surgical Treatment
Operative procedures and the results of surgical treatment of both groups are given in Table 4 . Biliary surgery consisted of cholecystectomy and operative cholangiography, with choledocholithotomy followed by T-tube decompression of the common bile duct or drainage procedures such as papilloplasty or choledochoduodenostomy if common bile duct stones were present. In group 1 patients, transduodenal papilloplasty was mainly performed when it was difficult to remove impacted ampullary stones. probably due to passage of the initial impacted stones into the duodenum which might have caused transaminase elevation. Of greater concern, however, were the 25 attacks (18%) in which serum transaminase activities were elevated markedly but without evidence of bile duct stones on subsequent investigation. The uncertainty of the reliability of negative biliary tract radiology has been known and Mayer et al. have reported that they have retrieved stones from 11 patients who had negative radiologic investigations. Acosta et a114 and Kelly 15 have demonstrated that gallstones were recovered from the stool in 31% of 29 patients and 86% of 134 patients with gallstone pancreatitis who were suspected to have migrating stones. In one patient in our series who had stones in the gallbladder only at operation, a gallstone identical to those found in the gallbladder was recovered from her stool after operation. This suggests that the 25 attacks without evidence of bile duct stones might be due to missing or migrating stones. Though Iwasaki et al. 1 have reported that when SGOT activities decreased by half in about 0.6 day, the pathological factors attributed to transaminase elevation were thought to have disappeared, rapid falls in SGOT of 50% in about 0.6 day occurred after emergency or urgent biliary surgery in our series, so the factors responsible for SGOT elevation were thought to have disappeared after biliary surgery. This analysis of SGOT disappearance rate also supports a close association between acute biliary obstruction and high SGOT activity.
Serum transaminase elevation has been reported in patients with acute cholecystitis1'2. In our series, gross appearance of the gallbladder showed acute cholecystitis in 67 (49%) of the 137 group 1 patients. In the majority of patients, however, the intensity of the gallbladder inflammation was slight and obstruction of the cystic duct was not found. Acute cholecystitis was significantly more infrequent among group 1 patients than control patients (P < 0.01). Accordingly, acute inflammation of the gallbladder was thought to be secondary to bile duct obstruction and not to be the initial process responsible for transaminase elevation.
The findings of the liver biopsy specimens taken during the acute stage of the disease (group 1) were hepatocellular necrosis and degeneration of liver cells. It has been reported that increased plasma transaminase activity is a sensitive indicator of liver cell damage, and early elevation is usual in diseases that produce hepatocellular injury16. Therefore, marked elevation of serum transaminase activity in patients with acute gallstone disease is probably due to liver cell injury which might be caused by acute bile duct obstruction. It has been reported that liver cell necrosis does not release large amounts of alkaline phosphatase into the circulation, and that the high levels associated with cholestasis are probably due to a combination of regurgitation via the sinusoids and increased synthesis in the bile canaliculi17. Thus alkaline phosphatase rises in parallel with bilirubin, and a significant elevation may not occur if the bile duct is obstructed only transiently. A marked elevation of alkaline phosphatase and bilirubin in patients with gallstones may be a sign of prolonged bile duct obstruction8. Though plasma samples for alkaline phosphatase were not taken in the majority of patients in the study, serum bilirubin level was 3.8 + 2.2 mg/dl in group 1 and 3.0 + 2.1 mg/dl in group 2 and was not markedly elevated.
The morphological change of the liver in acute bile duct obstruction has not been reported in detail and a rise in serum transaminase activity has been supposed unrelated to hepatic necrosis3-5. Mossberg and Ross have suggested that bile duct obstruction could provoke augmented hepatic production and/or release of transaminase with leakage of the enzyme from grossly intact hepatocytes. Shora and Donovitch 4 have also suggested that transaminase activity could diffuse out of leaky cell membranes which might result from bile duct obstruction. In these papers, however, little histological findings at the time of maximal SGOT activity have been reported because liver biopsy specimens were obtained after a long interval between maximal SGOT activity and operation.
The rapid falls in SGOT after admission in group 2 patients might indicate that there was a temporary obstruction of the bile duct by a passing stone. Accordingly, the liver biopsy specimens of group 2 patients which were taken after an average time of 21 days from admission can be considered to be the liver histology during the stage of convalescence of the disease. The histological features of this disease were degeneration and necrosis of liver cells in the acute stage (group 1) and regeneration of liver cells in the stage of convalescence (group 2), which are thought to be an acute inflammatory reaction of the liver to the injury caused by impacted bile duct stones.
The mechanism of liver injury caused by acute bile duct obstruction remains unclear. Marked dilatation of the bile canaliculus bounding the injured liver cells ( Figure 2 ) led us to speculate that if the bile duct is obstructed by impacted stones, it becomes a closed system filled with bile and that pathological changes in the bile duct such as bile stasis, increased pressure or infection may affect the liver cells which bound the bile canaliculus and cause hepatocellular injury. Mayer et al. have reported that transient ampullary obstruction causes a rapid rise in bile duct pressure and consequent liver cell damage. A combination of bile stasis and inflammation also has been reported to cause a mechanical insufficiency of lymph circulation, leading to extensive liver cell necrosisTM.
Saharia and Cameron 19 have reported that almost all patients with acute cholangitis had elevation of serum transaminase and this was a reflection of the pathological condition of the bile duct. In the majority of patients of their series, however, the SGOT levels were between 20 and 100 units (I.U./L) and were not markedly elevated. Charcot's triad was present in 14% on admission and histological findings of acute cholangitis was detected in 91% during the acute stage in our series. However, cholangitis is thought to be subsequent to bile duct obstruction and not to be the initial process responsible for marked transaminase elevation.
In 11 groups 1 patients with gallstone pancreatitis, 7 (64%) had impacted stones at the lower end of the common bile duct and in 4 of the 7, it was confirmed that gallstones had lodged at the ampulla obstructing both the bile duct and the pancreatic duct.. These observations are consistent with the concept that gallstone pancreatitis is caused by the migration of a stone into or through the ampulla of Vater2.
In summary, marked elevation of serum transaminase in patients with acute gallstone disease might be due to an acute inflammatory liver cell injury caused by impacted bile duct stones or migrating stones (gallstone hepatic injury or gallstone hepatitis21), which would be transient and reversible after early resolution of the bile duct obstruction. Marked elevation of serum transaminase on the day of admission in patients with gallstones has turned our attention from hepatocellular to extrahepatic biliary tract diseases such as impacted bile duct stones including passing or missing stones, acute cholecystitis or acute cholangitis secondary to bile duct obstruction and gallstone pancreatitis.
INVITED COMMENTARY
The differentiation between extrahepatic bile duct obstruction and a hepatocellular process in patients with hyperbilirubinemia is important. Raised levels of serum transaminases, AST(SGOT) and ALT(SGPT) usually indicate hepatocellular damage while raised levels of alkaline phosphatase support a diagnosis of biliary tract obstruction or malignancy. These biochemical tests are useful in conjunction with the history of disease, signs and symptoms. Serum transaminases, however, may be raised in several conditions not related to hepatocellular damage and also in acute cholecystitis (1) and extrahepatic biliary obstruction (2) (3) (4) (5) . The time course of these biochemical abnormalities are important and changes in serum transaminases are known to be faster than those of serum bilirubin and alkaline phosphatases. The presence of high serum transaminase levels in the early course of gallstone-induced common bile duct obstruction has recently been discussed (5) and enzyme leakage into the blood from hepatocytes due to reduced transport or transient hepatocellular necrosis was suggested as an underlaying mechanism.
The present study is an attempt to clarify the cause of a marked elevation of serum transaminase in patients with acute gallstone disease. The authors divide a large collection of patients with acute gallstone-related disease in two groups, one with patients treated with emergency surgery and one with patients treated with conservative management followed by surgery after an average time of 21 days. Serum transaminases, clinical findings and liver histology were studied in these two groups. At admission the SGOT levels were strongly raised, averaging 600 (Karmen units), in both groups. In the acutely operated group the histological picture demonstrated degeneration and necrosis of liver cells and cholangitis but there was no correlation between the level of serum transaminase activity and the severity of the histologic abnormalities. The raised SGOT levels declined close to normal values in a week. In patients exposed to a late operation histologic abnormalities were less common and morphologic signs of regeneration were seen. The authors draw the conclusion that marked elevation of serum transaminase is often seen in patients with acute gallstone disease and might be due to a liver cell injury caused by impacted or migrating gallstones in the common bile duct.
The message of this study that serum transaminases may be raised in the very early stage of biliary obstruction is clinically important. Further, it is an interesting observation that biliary obstruction caused by gallstones may cause morphologic signs of hepatocyte damage. The design of the study, however, makes it difficult to draw firm conclusions about the underlaying mechanism causing high levels of serum transaminases in the early course of acute gallstone disease. Half of the patients operated acutely had acute cholecystitis but this was seen only in a few in the group operated after three weeks. The presence of an acutely inflamed gallbladder may well have caused liver cell damage and could thus also be responsible for the raised levels of SGOT. To differentiate between these possibilities further, more clearly designed studies are needed.
